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ABSTRACT: 

PURPOSE: To surely separate fresh air and exhaust reflux gas to flow into a 
combustion chamber by extending an auxiliary intake port in such a manner as to 
direct exhaust reflux gas to the central part of the combustion chamber, and 
opening and closing the auxiliary intake port by an intake valve for opening 
and closing the opening part of a main intake port. 

CONSTITUTION: In an exhaust gas reflux device where a main intake port 6 
communicated with a combustion chamber 5 is formed on a cylinder head 3 of ah 
engine 1 , and a port opening 6A facing to the combustion chamber 5 is opened 
and closed by an intake valve 8, an outlet part is positioned in the vicinity 
of the intake valve 8 and an auxiliary port 14 is provided in such a manner as 
to be directed to the central part of the combustion chamber. Exhaust gas 
increased in pressure by a compressor 26 driven by a turbine 25 interposed in 
an exhaust passage 11 is supplied to the auxiliary port 14 through an exhaust 
gas reflux flow passage 1 2. The exhaust gas reflux flow is controlled by 
controlling a regulating valve 27 bypassing the turbine 25 according to the 
output of a rotating speed sensor 15 and a load sensor 16 by a control means 
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54 [Title of Invention] 

Exhaust gas reflux device of diesel engine 

51 [Abstract] 

[Purpose] To provide an exhaust gas reflux device capable of 
preventing deterioration of lubricating oil and of providing an 
adequate EGR gas volume. 

[Constitution] An exhaust gas reflux device of a diesel engine 
1 provided with auxiliary port 14 extended so as to be directed toward 
the center of a combustion chamber with discharge opening 14A 
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positioned near intake valve 8 that opens and closes port opening 
6A of main intake port 6 that communicates with combustion chamber 
5 formed in cylinder head 3; reflux exhaust gas supply means 13 that 
has turbine 25 installed in exhaust passage 11, compressor 26 
installed in exhaust gas reflux flow passage 12 communicated with 
exhaust passage 11 on the upstream side and driven by rotating shaft 
28 of turbine 25 that provides exhaust gas Gl, and regulating valve 
27 that controls the feed of exhaust reflux gas G2 by regulating 
the flow rate of exhaust gas Gl flowing into turbine 25; rotating 
speed sensor 15, an operating state detection means that detects 
the operating state of engine E; and control means 17 that controls 
the aperture of regulating valve 2 7 as a function of the output of 
load sensor 16. 
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[Scope of Patent Claim] 

[Claim 1] An exhaust gas reflux device of a diesel engine provided 
with a main intake port communicated with a combustion chamber formed 
in the cylinder head of an engine, 

a fuel injection valve disposed in aforementioned cylinder head 
facing the approximate center of aforementioned combustion chamber 
that injects fuel near top dead center in the compression stroke 
of aforementioned engine, 

an intake valve that opens and closes the port opening to 
aforementioned combustion chamber of aforementioned main intake port 
installed so as to contact the valve seat formed on the bottom surface 
of aforementioned cylinder head, 

a reflux exhaust gas supply means that has a turbine installed in 
the exhaust passage of aforementioned engine, a compressor installed 
in the exhaust gas reflux flow passage communicated with 
aforementioned exhaust passage on the upstream side and driven by 
the rotating shaft of aforementioned turbine to provide exhaust gas, 
and a regulating valve that controls the feed of exhaust reflux gas 
by regulating the flow rate of exhaust gas flowing into aforementioned 
turbine, 

an auxiliary port having an intake opening formed at one end 
communicated with aforementioned exhaust gas reflux flow passage 
on the downstream side of aforementioned compressor and the proximal 
part of the discharge part formed at the other end facing down toward 
aforementioned port opening, said auxiliary port extended so as to 
be directed toward the center of aforementioned combustion chamber 
with aforementioned discharge part opened and closed by 
aforementioned intake valve in aforementioned port opening, 
an operating state detection means that detects the operating state 
of aforementioned engine, 

and a control means that controls the aperture of aforementioned 
regulating valve as a function of the output of aforementioned 
operating state detection means, wherein 

reflux exhaust gas supplied from aforementioned auxiliary port is 
distributed to the central part of the cross section of aforementioned 
combustion chamber . 

[Claim 2] The exhaust gas reflux device of diesel engine of Claim 
1 in which an auxiliary chamber that is formed to provide a swirl 
to intake flowing into aforementioned combustion chamber is installed 
at the port opening of aforementioned main intake port, 
the intake opening of aforementioned auxiliary port is arranged so 
as to be positioned at the top of aforementioned main intake port 
and the discharge part of said auxiliary port is installed so as 
to be positioned at the terminal part of aforementioned auxiliary 
chamber or at the central part of aforementioned combustion chamber. 
[Claim 3] The exhaust gas reflux device of diesel engine of Claims 
1 or 2 in which aforementioned reflux exhaust gas supply means has 
a first bypass passage that communicates with the exhaust passage 
on the upstream side and the downstream side of aforementioned turbine 
and aforementioned regulating valve is installed in aforementioned 
first bypass passage. 
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[Claim 4] The exhaust gas reflux device of diesel engine of Claim 
3 in which aforementioned turbine is installed in the exhaust passage 
on the downstream side of a turbosupercharger to supply intake to 
aforementioned combustion chamber. 

[Claim 5] The exhaust gas reflux device of diesel engine of Claims 
1 or 2 in which aforementioned reflux exhaust gas supply means has 
a second bypass passage communicated with the exhaust passage on 
the upstream side and downstream side of the turbosupercharger that 
supplies intake to aforementioned combustion chamber, 
aforementioned turbine is installed in aforementioned second bypass 
passage, and aforementioned regulating valve is installed in 
aforementioned second bypass passage on the upstream side of 
aforementioned turbine. 

[Claim 6] The exhaust gas reflux device of diesel engine of Claim 
1 in which aforementioned operating state detection means at least 
has a load sensor that detects the load of aforementioned engine, 
wherein aforementioned control means controls the aperture of 
aforementioned regulating valve based on the load detected by 
aforementioned load sensor. 

[Claim 7] The exhaust gas reflux device of diesel engine of Claim 
6 in which aforementioned control means controls aforementioned 
regulating valve toward valve opening accompanying load increase. 
[Claim 8] The exhaust gas reflux device of diesel engine of Claim 
6 in which aforementioned operating state detection means has a 
rotating speed sensor that detects the rotating speed of 
aforementioned engine and aforementioned control means controls the 
aperture of aforementioned regulating valve based on the rotating 
speed and load detected by aforementioned rotating speed sensor and 
aforementioned load sensor. 
[Detailed Description of the Invention] 
[0001] 

[Field of Industrial Utilization] 

The present invention concerns a exhaust gas reflux device of a diesel 
engine interposed in combustion that recirculates part of the exhaust 
gas output from an engine to the combustion chamber, especially to 
an exhaust gas reflux device of a diesel engine that compresses 
exhaust gas recirculated to the combustion chamber and supplies it 
in stratified form to fresh air. 
[0002] 

[Related Art] The combustion temperature in the combustion chamber 
of internal combustion engines varies as a function of the operating 
state, and the amount of nitrogen oxides (hereinafter abbreviated 
"NOx") in exhaust gas tends to increase accompanying elevation of 
the combustion temperature. Thus, elevation of the combustion 
temperature is held down by recirculating exhaust gas on the intake 
side, for example, by recirculating it in the intake manifold where 
it is mixed with fresh air to prevent increase of NOx in exhaust 
gas of internal combustion engines. Such exhaust gas reflux devices 
are mounted to prevent increase of NOx in exhaust gas. Exhaust gas 
reflux devices increase the intake pressure through constriction 
on the intake side or they increase the exhaust pressure through 
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constriction on the exhaust side to create a pressure differential 
between the intake side and the exhaust side. Part of the exhaust 
gas from the exhaust side to the intake side is recirculated as 
recirculated exhaust gas (EGR gas) through this differential 
pressure. Sulfates and moisture or soot are admixed since EGR gas 
constitutes part of the exhaust gas. Fresh air and EGR gas are mixed 
on the intake side where they are taken into the combustion chamber. 

When they enter the combustion chamber, soot or sulfates adhere 
to the cylinder walls to induce deterioration of lubricating oil. 

Thus, an auxiliary port that distributes EGR gas to the center of 
the combustion chamber that is opened and closed by an intake valve 
that opens and closes the main intake port that inducts fresh air 
into the combustion chamber is installed separately from the main 
intake port in the invention stated in Patent Application No. 5-324671 
proposed by the applicants. A recirculation passage for exhaust 
gas is connected to this auxiliary port. In this proposal, EGR, gas 
from the auxiliary port is fed into the center of the combustion 
chamber when the intake valve opens and fresh air from the surrounding 
main intake port is fed in to inhibit the diffusion of EGR gas in 
the combustion chamber. In addition, the gazette of Japanese Kokai 
Publication Hei-5-180089 discloses a technique of recirculating EGR 
gas into the intake passage through compression by a supercharger. 
[0003] 

[Problems Solved by the Invention] However, while the invention 
stated in Patent Application No. 5-324671 can inhibit deterioration 
of lubricating oil by reducing the adhesion of soot and sulfates 
to the cylinder walls, the EGR level supplied to the combustion 
chamber is insufficient compared to the supply of EGR gas to the 
intake manifold, for example, due to the vacuum on the intake side 
and the exhaust side since EGR gas is taken in by the vacuum in the 
combustion chamber when the intake valve is open, resulting in 
problems associated with NOx reduction. On the other hand, in the 
technique stated in the gazette of Japanese Kokai Publication 
Hei-5-1800'89, pressurized EGR gas is recirculated to the intake 
passage where it is mixed with fresh air and fed into the combustion 
chamber to ensure the EGR gas level, but this leads to deterioration 
of lubricating oil. The present invention provides an exhaust gas 
reflux device capable of adequately providing an EGR gas level and 
of preventing deterioration of lubricating oil. 
[0004] 

[Means of Solving the Problems] Thus, the first claim of the present 
invention concerns an exhaust gas reflux device of a diesel engine 
provided with a main intake port communicated with a combustion 
chamber formed in the cylinder head of an engine, a fuel injection 
valve disposed in aforementioned cylinder head facing the approximate 
center of aforementioned combustion chamber that injects fuel near 
top dead center in the compression stroke of aforementioned engine, 
an intake valve that opens and closes the port opening to 
aforementioned combustion chamber of aforementioned main intake port 
installed so as to contact the valve seat formed on the bottom surface 
of aforementioned cylinder head, a reflux exhaust gas supply means 



-5- 



that has a turbine installed in the exhaust passage of aforementioned 
engine, a compressor installed in the exhaust gas reflux flow passage 
communicated with aforementioned exhaust passage on the upstream 
side and driven by the rotating shaft of aforementioned turbine to 
provide exhaust gas, and a regulating valve that controls the feed 
of exhaust reflux gas by regulating the flow rate of exhaust gas 
flowing into aforementioned turbine, an auxiliary port having an 
intake opening that communicates with aforementioned exhaust gas 
reflux flow passage on the downstream side of aforementioned 
compressor and the proximal part of the discharge part facing down 
toward aforementioned port opening, said auxiliary port extended 
so as to be directed toward the center of aforementioned combustion 
chamber with aforementioned discharge part opened and closed by 
aforementioned intake valve in aforementioned port opening, an 
operating state detection. means that detects the operating state 
of aforementioned engine, and a control means that controls the 
aperture of aforementioned regulating valve as a function of the 
output of aforementioned operating state detection means, wherein 
the exhaust gas supplied from aforementioned auxiliary port is 
distributed to the central part of the cross section of aforementioned 
combustion chamber. The second claim of the present invention 
concerns the exhaust gas reflux device of a diesel engine of Claim 
1 in which an auxiliary chamber that is formed to provide a swirl 
to intake flowing into aforementioned combustion chamber is installed 
at the port opening of aforementioned main intake port, the intake 
opening of aforementioned auxiliary port is arranged so as to be 
positioned at the top of aforementioned main intake port and the 
discharge part of said auxiliary port is installed so as to be 
positioned at the terminal part of aforementioned auxiliary chamber 
or at the central part of aforementioned combustion chamber. The 
third claim of the present invention concerns the exhaust gas reflux 
device of a diesel engine of Claims 1 or 2 in which aforementioned 
reflux exhaust gas supply means has a first bypass passage that 
communicates with the exhaust passage on the upstream side and the 
downstream side of aforementioned turbine and aforementioned 
regulating valve is installed in aforementioned bypass passage. 
The fourth claim of the present invention concerns the exhaust gas 
reflux device of a diesel engine of Claim 3 in which the turbine 
of aforementioned reflux exhaust gas supply means is installed in 
the exhaust passage on the downstream side of a turbosupercharger 
to supply intake to aforementioned combustion chamber. The fifth 
claim of the present invention concerns the exhaust gas reflux device 
of a diesel engine of Claims 1 or 2 in which aforementioned reflux 
exhaust gas supply means has a second bypass passage communicated 
with the exhaust passage on the upstream side and downstream side 
of the turbosupercharger that supplies intake to aforementioned 
combustion chamber, and the turbine of aforementioned reflux exhaust 
gas supply means as well as the regulating valve are installed in 
aforementioned second bypass passage. The sixth claim of the present 
invention concerns the exhaust gas reflux device of a diesel engine 
of Claim 1 in which aforementioned operating state detection means 
at least has a load sensor that detects the load of aforementioned 
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engine, wherein aforementioned control means controls the aperture 
of aforementioned regulating valve based on the load detected by 
aforementioned load sensor. The seventh claim of the present 
invention concerns the exhaust gas reflux device of a diesel engine 
of Claim 6 in which the control means controls the regulating valve 
toward valve opening accompanying load increase on the engine. The 
eighth claim of the present invention concerns the exhaust gas reflux 
device of a diesel engine of Claim 6 in which aforementioned operating 
state detection means has a rotating speed sensor that detects the 
rotating speed of aforementioned engine and aforementioned control 
means controls the aperture of aforementioned regulating valve based 
on the rotating speed and load detected by aforementioned rotating 
speed sensor and aforementioned load sensor. 
[0005] 
[Action] 

Based on the invention of Claim 1, when the engine starts and the 
intake valve opens, fresh air is aspirated into the combustion chamber 
that is formed in the cylinder head from the main .intake port, fuel 
is injected through the fuel injection valve near top dead center 
of the compression stroke of the engine to complete combustion, and 
exhaust gas is exhausted through the exhaust passage. The discharged 
exhaust gas is conducted via the compressor that is driven by a turbine 
installed in the exhaust passage into the combustion chamber from 
the auxiliary intake port having an intake opening communicated on 
the downstream side of the compressor and the proximal part of the 
discharge part facing down toward aforementioned port opening, said 
auxiliary port extended so as to be directed toward the center of 
the combustion chamber with the discharge part opened and closed 
by the intake valve in the port opening. At this time, the flow 
rate of the exhaust reflux gas that is conducted into the combustion 
chamber is regulated by the position of the regulating valve that 
is installed in the exhaust passage, with the aperture regulated 
as a function of the output of the operating state detection means 
based on the control means. In the invention of Claim 2, the exhaust 
reflux gas that is supplied to the auxiliary port is guided to either 
the terminal part of the auxiliary chamber or the central part of 
the combustion chamber from the overhead main intake port that has 
an auxiliary chamber installed to provide a swirl to the intake 
flowing into the combustion chamber. In the invention of Claim 3, 
the intake flow rate of exhaust gas to aforementioned turbine is 
regulated by opening and closing the regulating valve that is 
installed in the first bypass passage that communicates with the 
exhaust passage on the upstream side and the downstream side of the 
turbine of the reflux exhaust gas supply means . In the invention 
of Claim 4, since a turbine of the reflux exhaust gas supply means 
is installed in the exhaust passage on the downstream side of the 
turbosupercharger to supply intake to the combustion chamber, the 
compressor of the reflux exhaust gas supply means is driven through 
rotation of the turbine of the reflux exhaust gas supply means by 
exhaust gas passing through the turbosupercharger, thereby 
pressurizing the reflux exhaust gas and supplying intake via the 
turbosupercharger. In the invention of Claim 5, since a turbine 
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of the reflux exhaust gas supply means is installed via a regulating 
valve in the second bypass passage communicated with the exhaust 
passage on the upstream side and downstream side of the 
turbosupercharger, the exhaust gas flow conducted to the second 
bypass passage increases, the exhaust gas flow to the turbine of 
the reflux exhaust gas supply means increases and the exhaust gas 
flow to the turbine of the turbosupercharger decreases when the 
aperture of the regulating valve increases, while the exhaust gas 
flow to the turbine of the reflux exhaust gas supply means decreases 
and the exhaust gas flow to the turbosupercharger increases when 
the aperture of the regulating valve decreases. In the invention 
of Claim 6, the exhaust gas flow rate to the turbine of the reflux 
exhaust gas supply means is controlled based on the engine load since 
the control means controls the aperture of the regulating valve based 
on the engine load detected by the load sensor of the operating state 
detection means. In the invention of Claim 7, the exhaust gas flow 
rate to the turbine of the reflux exhaust gas supply means is reduced 
and the drive power of the compressor of the supply means is reduced 
as the load increases, thereby reducing the supply flow of exhaust 
reflux gas to the combustion chamber since aforementioned control 
means controls the valve opening direction of the regulating valve. 

In the invention of Claim 8, the exhaust gas flow to the turbine 
of the reflux exhaust gas supply means is controlled based the engine 
load and rotating speed since the aperture of the regulating valve 
is controlled based on the engine load and rotating speed detected 
by the load sensor and the rotating speed sensor of the operating 
state detection means. 
[0006] 

[ Embodiment s ] 

(First Embodiment) Notation 1 in Figure 1 shows the exhaust gas reflux 
device of a diesel engine E (hereinafter abbreviated "engine E") 
in the first embodiment. Engine E comprises cylinder block 2 and 
cylinder head 3 that are integrally joined, with a combustion chamber 

5 above each of a plurality of pistons 4 (only one cylinder is shown 
in Figure 1) in cylinder block 2. The constituents of the exhaust 
gas reflux device 1 are identical for each cylinder so that the 
explanation will focus on the first cylinder here. 

[0007] Exhaust gas reflux device 1 is provided with main intake port 

6 and exhaust port 7 communicated with combustion chamber 5, intake 
valve 8 and exhaust valve 9 that open and close port openings 6A, 
7A of main intake port 6 and exhaust port 7, respectively, fuel 
injection valve 10 that injects fuel into combustion chamber 5, reflux 
exhaust gas supply means 13 fitted with exhaust passage 11 that 
connects to exhaust port 7 and exhaust gas reflux flow passage 12 
that communicates with exhaust passage 11, auxiliary port 14 that 
communicates with combustion chamber 5 and exhaust gas reflux flow 
passage 12, rotating speed sensor 15 and load sensor 16 of engine 
E as operating state detection means that detect the operating state 
of engine E, and controller 17 as a control means . 

[0008] Main intake port 6 is formed in cylinder head 3 so as to 
communicate with combustion chamber 5 and fresh air Al is supplied 
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to combustion chamber 5 via intake passage 6B connected via intake 
manifold 6A. Exhaust port 7 is formed in cylinder head 3 so as to 
communicate with combustion chamber 5 and connected to exhaust 
passage 11 that exhausts exhaust gas Gl from combustion chamber 5 
via exhaust manifold 7A. Port opening 7A of round exhaust port 7 
adopts a structure in which it is opened and closed by exhaust valve 
9 . 

[0009] Port opening 6A is placed below auxiliary chamber 18 that 
is integrally formed at the tip of main intake port 6, and is opened 
and closed by intake valve 8, as shown in Figure 3. Auxiliary chamber 
18 that provides horizontal rotating motion to fresh air toward 
combustion chamber 5 from main intake port 6 via port opening 6A 
is formed in a shape so as to create a swirl. Specif ically, auxiliary 
chamber 18 has a spiral shape with axial part 8A of intake valve 
8 in the center. The inner wall surface of auxiliary chamber 18 
has auxiliary port 14 formed so as to induct exhaust reflux gas G2 
(hereinafter abbreviated "EGR gas G2") via exhaust gas reflux flow 
passage 12 from reflux exhaust gas supply means 13 to the inside 
of expanded part 18A that is formed so as to be positioned in the 
center of combustion chamber 5, as shown in Figure 2 and Figure 3. 
[0010] Valve seat 19 of intake valve 8 that is formed as a thick 
ring from metal that is reinforced so as to be wear resistant is 
formed at bottom 3a of cylinder head 3, as shown in Figure 3 . Discharge 
opening 14A of auxiliary port 14 is formed at the terminal part of 
auxiliary chamber 18 at the uppermost position of valve seat 19. 
Auxiliary port 14 that is extended above and below cylinder head 
3 so as to be directed toward the center of combustion chamber 5 
with discharge opening 14A directed to port opening 6A is opened 
and closed by intake valve 8. Intake opening 14B of auxiliary port 
14 is opened toward the top of cylinder head 3. 

[0011] Fuel injection valve 10, is fitted to cylinder head 3 so that 
the tip protrudes into combustion chamber in roughly the center of 
combustion chamber 5, as shown in Figure 1. Fuel injection valve 
10, which has a known structure that injects a kerosene spray, the 
. fuel, from a plurality of apertures 10A (consult Figure 7) installed 
at its tip, is connected to fuel injection pump 21 via fuel pipe 
20. 

[0012] Fuel injection pump 21 is driven by rotational force of the 
crankshaft (not illustrated) of engine E. It adopts a known structure 
in which fuel is supplied from fuel tank 22, the fuel injection flow 
is regulated in response to the position of rod lever 23 that is 
connected to the accelerator (not illustrated), and fuel injection 
valve 10 is actuated at the injection timing that is regulated by 
timer 24. Specifically, fuel injection pump 21 injects through fuel 
injection valve 10 corresponding to each cylinder at injection timing 
before top dead center of the compression stroke of each cylinder, 
and high-pressure fuel is injected into combustion chamber 5 of each 
cylinder . 

[0013] Reflux exhaust gas supply means 13 is provided with turbine 
25 fitted in exhaust passage 11, compressor 26 fitted to exhaust 
gas reflux flow passage 12 that communicates with exhaust passage 
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11, and regulating valve 27 that regulates the flow of exhaust gas 
Gl through turbine 25. ' 

[0014] Inlet port 25A of turbine 25 is connected to pre-exhaust 
passage 11A that is positioned on the upstream side of turbine 25, 
outlet port 25B is positioned on the downstream side from turbine 
25, and connects to post-exhaust passage 11B where muffler 29 is 
fitted. Turbine blades 25C of turbine 25 are fixed to one end of 
rotating shaft 28 that is supported so as to freely rotate in casing 
13A. Inlet port 26A of compressor 26 is connected to pre-exhaust 
gas reflux passage 12A that is connected to post-exhaust passage 
11B on the downstream side from muffler 29, outlet port 26B is 
connected to post-exhaust gas reflux passage 12B that communicates 
with auxiliary port 14 that is positioned on the downstream side 
from compressor 26, and compressor blades 26C are fixed to the other 
end of rotating shaft 28. In short, compressor blades 26C are rotated 
and driven by turbine blades 25C so that reflux exhaust gas supply 
means 13 intakes and compresses part of exhaust gas Gl from 
post-exhaust passage 11B to form high-pressure EGR gas G2 that is 
supplied to auxiliary port 14 from post-exhaust gas reflux passage 
12B. 

[0015] Regulating valve 27 regulates the flow rate of exhaust gas 
Gl into turbine 25. It is fitted to first bypass passage 30, one 
end of which is connected to pre-exhaust passage 11A while the other 
end is connected to post-exhaust passage 11B. Regulating valve 27 
is a solenoid valve. When rotating core 27B that is link connected 
to rotating valve body 27A receives excitation force issued by 
solenoid 27C, a predetermined amount of lift is effected so as to 
regulate the angle of valve body 27A, thereby regulating the open 
area of first bypass passage 30. 

[0016] The signals that are input to controller 17 are the engine 
rotating speed signal Ne from rotating speed sensor 15, the engine 
load 0L from load sensor 16 that is installed in rod lever 23, the 
crankshaft angle signal from the crankshaft angle sensor that is 
not illustrated, and the coolant water temperature Wt from water 
temperature sensor 31. Controller 17 regulates the flow rate of 
EGR gas G2 by regulating the aperture of valve body 27A in accordance 
with the map of regulating valve 2 7 shown in Figure 4. 

[0017] The map shown in Figure 4 illustrates the flow rate 
characteristics of EGR gas G2 in the supply range, with the ordinate 
giving the engine load 0L and the abscissa giving the engine rotating 
speed Ne. The flow rate of EGR gas G2 relative to the total exhaust 
flow is preset as a function of the engine load 0L. Controller 17 
regulates the aperture of valve body 27A so as to yield the preset 
EGR gas G2 flow rate. The EGR supply range shows the idle speed 
and the operating state other than during rapid acceleration. In 
addition, controller 17 judges rapid acceleration through rapid 
change in the engine load GL or rapid elevation of the engine rotating" 
speed Ne and then maintains regulating valve 27 in the fully-open 
state. 

[0018] Operation of exhaust gas reflux device 1 having such a 
structure is explained. When engine E starts, intake valve 8 and 
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exhaust valve 9 are driven by operation of the valve system (not 
illustrated) and lift EV of exhaust valve 9 varies in the exhaust 
stroke, as shown in Figure 5. Lift IV of intake valve 8 varies in 
the intake stroke after exhaust top dead center TDC1, and fuel 
injection is carried out by fuel injection valve 10 near compression 
top dead center TDC2. The mixture that self-ignites in the combustion 
stroke is burned to issue power. Exhaust valve 9 is opened in the 
exhaust stroke that follows the combustion stroke, and exhaust gas 
Gl is discharged to exhaust passage 11. 

[0019] At this time, when engine load 0L is in range [1] shown in 
Figure 4, for example, the flow rate of EGR gas G2 is at a set level 
and an ON signal is output from controller 17 to solenoid 27C shown 
in Figure 1. Valve body 27A lifts, the angle is regulated, and the 
open area of first bypass passage 30 is regulated. Specifically, 
the supplied flow of exhaust gas Gl to turbine 25 is regulated, and 
exhaust gas Gl flows through first bypass passage 30 and turbine 

25 to post-exhaust passage 11B. When exhaust gas Gl is supplied 
to turbine 25, turbine blades 25C are rotated by exhaust gas pressure 
and the coaxial compressor blades 26C are rotated and driven. Part 
of exhaust gas Gl from post-exhaust passage 11B on the downstream 
side of muffler 29 through pre-exhaust gas reflux passage 12A is 
drawn to compressor 26. Exhaust gas Gl is pressurized by compressor 

26 and discharged through post-exhaust gas reflux passage 12B as 
EGR gas G2 . 

[0020] When each cylinder commences the intake stroke, fresh air 
Al from main intake port 6 is rotated at port opening 6A during lift 
of intake valve 8 of each cylinder so that it is fed into the periphery 
of combustion chamber 5 and auxiliary port 14 concurrently opens 
so that pressurized EGR gas G2 at post-exhaust gas reflux passage 
12B is fed into the center of combustion chamber 5 through discharge 
opening 14A and port opening 6A. Fresh air Al and EGR gas G2 are 
fed inside in stratified form and are held within combustion chamber 
5. Specif ically A fresh air Al from main intake port 6 is rotated 
and energized in auxiliary chamber 18 so that it develops a swirl 
on the peripheral side of combustion chamber 5 into which it is fed 
in the intake stroke. In addition, EGR gas G2 from auxiliary port 
14 extending above and below open to the center of combustion chamber 
5 is fed into the center of combustion chamber 5 when energized 
downward. As a result, when piston 4 reaches bottom dead center, 
as shown by the solid lines in Figure 6, EGR gas G2 is distributed 
in the center, as shown by the broken lines, in combustion chamber 
5 and fresh air Al is distributed so as to cover the periphery. 
[0021] In the compression stroke immediately following the intake 
stroke, piston 4 reaches the position denoted by the two-point line 
shown in Figure 6 immediately before top dead center 2 in compression, 
and EGR gas G2 in the center is also distributed as shown by the 
two-point line. Immediately thereafter, fuel is injected from fuel 
injection valve 10 and the spray stream from each aperture 10A passes 
through range El of great concentration of EGR gas G2 in the center, 
as shown in Figure 7, at which time EGR gas G2 is swirled, diffused - 
in range E2 of fresh air Al and ignited. Consequently, when fuel 
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particles in range E2 of fresh air Al are burned, the extent of 
explosive combustion is regulated through movement of EGR gas G2 
so as to restrict excessive elevation of the combustion temperature 
which results in the ability to reduce NOx in exhaust gas Gl . 
[0022] In particular, fresh air Al and EGR gas G2 can be reliably 
separated until the intake stroke is reached since auxiliary port 
14 is closed by intake valve 8 until the intake stroke is reached. 

Consequently, EGR gas G2 is fed into the center of combustion chamber 
5 via discharge opening 14A on the central side of combustion chamber 
5, as shown in Figure 2 and Figure 3, immediately after commencement 
of the intake stroke, and stratified intake processing can be reliably 
carried out in which fresh air Al is rotated along the periphery 
of combustion chamber 5 from port opening 6A and is fed in. 
Furthermore, the proportion of EGR gas G2 circulating at the periphery 
of combustion chamber 5 even during the compression stroke following 
intake is low, with the result being that the proportion of soot 
in EGR gas G2 reaching the inner wall surface of the cylinder liner 
is reduced to enable reliable prevention of accelerated deterioration 
of lubricating oil admixed with soot. 

[0023] In addition, the filling efficiency compared to unpressurized 
EGR gas is enhanced since EGR gas G2 is pressurized by reflux exhaust 
gas supply means 13 and is then supplied from auxiliary port 14 to 
combustion chamber 5. This enables EGR gas G2 to be smoothly provided 
to combustion chamber 5 in high engine load ranges. 
[0024] Furthermore, valve body 27A of regulating valve 27 opens fully 
and exhaust gas Gl is conducted from pre-exhaust passage 11A to 
post-exhaust passage 11B, bypassing turbine 25, and is exhausted 
when controller 17 judges a rapid acceleration state based on engine 
load GL and engine rotating speed Ne . Thus, compressor 26 is not 
actuated since turbine blades 25C do not rotate and the supply of 
EGR gas G2 to combustion chamber 5 is cut off. The generation of 
black smoke due to incomplete combustion that is often seen during 
acceleration of diesel engines can be reduced since EGR gas G2 is 
cut off during such rapid acceleration. 

[0025] (Second Embodiment) The second embodiment shows exhaust gas 
reflux device 50 of engine EA fitted with turbosupercharger 32 that 
feeds fresh air Al as shown in Figure 8. Engine EA and exhaust gas 
reflux device 50 have the same structure as that of engine E excluding 
turbosupercharger 32. Those structures in the aforementioned example 
which are identical with or corresponding to those in the 
aforementioned conventional example are designated by the same 
notation and are not explained. 

[0026] Turbosupercharger 32 comprises turboturbine 33 mounted in 
pre-exhaust passage 11A and turbocompressor 34 mounted in intake 
passage 6B. Exhaust bypass passage 35 that communicates with 
pre-exhaust passage 11A on the upstream side of turbine 25 of reflux 
exhaust gas supply means 13 is installed in pre-exhaust passage 11A 
so as to bypass turboturbine 33. When the pressure in intake passage 
6B positioned on the downstream side of turbocompressor 34 exceeds 
a set level, waste gate valve 36 that opens exhaust bypass passage 
35 is energized in the normally-closed direction by a diaphgram-type 
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actuator 37 due to such intake pressure. Intercooler 38 that cools 
fresh air Al that is supplied is mounted in intake passage 6B 
positioned on the downstream side from turbocompressor 34. 
[0027] Reflux exhaust gas supply means 13 communicates inlet port 
25A to pre-exhaust passage 11A on the downstream side of turboturbine 
33 and outlet port 25B communicates to post-exhaust passage 11B. 
Inlet port 26A of compressor 26 communicates with pre-exhaust gas 
reflux passage 12A while outlet port 26B communicates with 
post-exhaust gas reflux passage 12B that is linked to auxiliary port 
14. Regulating valve 27 that is controlled by controller 17 similarly 
to the first embodiment is installed in first bypass passage 30 that 
bypasses turbine 25. 

[0028] When engine EA is in the exhaust stroke, exhaust valve 9 lifts 
and exhaust gas Gl within combustion chamber 5 is exhausted in exhaust 
gas reflux device 50 having such a structure. Exhaust gas Gl is 
fed to turboturbine 33 so as to drive turbocompressor 34, thereby 
supplying fresh air Al . Exhaust gas Gl passing through turboturbine 
33 enters turbine 25 to drive compressor 26, resulting in the 
collection of exhaust gas Gl from the downstream side of muffler 
29, its pressurization, and its supply to auxiliary port 14 as EGR 
gas G2 . 

[0029] When engine EA enters the intake stroke, intake valve 8 lifts 
and both supplied fresh air Al and pressurized EGR gas G2 enter 
combustion chamber 5 from main intake port 6 and auxiliary port 14, 
respectively. In particular, the intake pressure of fresh air Al 
in engine EA fitted with turbosupercharger 32 is higher than in 
identical non-supercharged engine E and the inlet flow of fresh air 
Al is greater, resulting in higher combustion temperature compared 
to non-supercharged engine E. Thus, higher efficiency can be realized 
in the center of combustion chamber 5 without elimination of the 
swirl generated by higher intake pressure as a result of pressurizing 
EGR gas G2 and supplying it from auxiliary port 14. Thus, 
deterioration of lubricating oil can be prevented in engine EA fitted 
with turbosupercharger 32. The mounting of exhaust gas reflux device 
50 having reflux exhaust gas supply means 13 to engine EA fitted 
with turbosupercharger 32 is especially effective since 
deterioration of lubricating oil is faster in engine EA fitted with 
turbosupercharger 32 compared to conventional non-supercharged 
engine E because of the combustion conditions, etc. 
[0030] (Third Embodiment) In exhaust gas reflux device 100 in this 
embodiment, pre-exhaust passage 11A on the upstream side of 
turboturbine 33 of turbosupercharger 32 in exhaust gas reflux device 
50 and inlet port 25A of turbine 25 of reflux exhaust gas supply 
means 13 are connected by second bypass passage 39 to bypass 
turboturbine 33. Regulating valve 40 that opens and closes second 
bypass passage 39 is mounted for communicating post-exhaust passage 
11B with the downstream side of turboturbine 33. 

[0031] Regulating valve 40, which accomplishes the actions of both 
waste gate valve 36 and regulating valve 27 in the second embodiment, 
is placed under the control of controller 17'. Load sensor 16, 
rotating speed sensor 15, and intake pressure sensor 41, which detects 
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the intake pressure located in intake passage 6B between crankshaft 
sensor (not illustrated) , intercooler 38 and turbocompressor 34, 
are connected to controller 17'. 

[0032] As shown in Figure 10, the aperture of valve body 40A of 
regulating valve 40 that opens second bypass passage 39 enlarges 
when engine rotating speed Ne is low, and as engine rotating speed 
Ne rises, the aperture of valve body 40A gradually decreases so as 
to close second bypass passage 39. Based on the signals from these 
individual sensors, controller 17 1 regulates the excitation of 
solenoid 40C so as to regulate the lift of mobile core 40B that is 
link connected to valve body 40A. In addition, controller 17 1 
regulates the excitation of solenoid 40C so as to enlarge the aperture 
of valve body 40A, thereby controlling second bypass passage 39 so 
as to be fully open, when the intake pressure exceeds a set level. 
0034 

[0033] Exhaust gas reflux device 100 having such a structure ensures 
that the aperture of valve body 40A enlarges when engine rotating 
speed Ne is low, so that exhaust gas Gl discharged in the exhaust 
stroke flows through second bypass passage 39, bypassing turboturbine 
33, and into turbine 25. Exhaust gas Gl in post-exhaust passage 
11B that is pressurized by compressor 26 is supplied as EGR gas G2 
to auxiliary port 14. 

[0034] When engine rotating speed Ne is high, the aperture of valve 
body 40A decreases so as to close second bypass passage 39 and the 
discharged exhaust gas Gl is supplied to turboturbine 33 instead 
of to turbine 25 so as to drive turbocompressor 34, resulting in 
the supply of fresh air Al to main intake port 6. Specifically, 
second bypass passage 39 is closed by regulating valve 40 and the 
supply of EGR gas G2 to combustion chamber 5 is reduced at high engine 
speeds at which high output is not attained, while at low engine 
speeds conversely, the supply of EGR gas G2 to combustion chamber 
5 is increased. The influx of exhaust gas Gl into reflux exhaust 
gas supply means 13 and turbosupercharger 32 can be regulated through 
the installation of regulating valve 40 in second bypass passage 
39 and the resulting control, and the number of parts in the device 
can be lowered. Auxiliary port 14 communicates with auxiliary chamber 
18 and is installed on the central side of combustion chamber 5 in 
these embodiments, but they may be modified, with discharge opening 
14A directly communicated with port opening 6A of main intake port 
6, as shown in Figure 11, or with discharge opening 14A connected 
to terminal part 18B of auxiliary chamber 18 and with intake opening 
14B located above main intake port 6, as shown in Figure 12. 
[0035] 

[Effects of Invention] In the first claim of the present invention, 
exhaust reflux gas that is pressurized by an reflux exhaust gas supply 
means is fed into the combustion chamber through an auxiliary port 
that is opened and closed by an intake valve that opens and closes 
the port opening of the main intake port, said auxiliary port extended 
so as to be directed toward the center of the combustion chamber. 

Consequently, fresh air and exhaust reflux gas can be fed into the 
combustion chamber reliably separated when the engine reaches the 
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intake stroke. The fluid proportion of exhaust reflux gas at the 
periphery of the combustion chamber falls accompanying such 
stratified intake processing, and the deposition of soot in exhaust 
reflux gas onto the walls of the cylinder liner, which accelerates 
deterioration of lubricating oil, can be reliably prevented. In 
addition, the filling efficiency of the combustion chamber by exhaust 
reflux gas can be enhanced. Furthermore, the ideal flow of exhaust 
reflux gas can be provided to the combustion chamber and NOx can 
be reduced through combustion improvement since the intake flow of 
exhaust gas to the turbine is regulated by the regulating valve whose 
aperture is regulated as a function of the output of the engine 
operating state detection means through the control means. In the 
second claim of the present invention, exhaust reflux gas supplied 
to the auxiliary port is guided into the terminal part of the auxiliary 
chamber or the central part of the combustion chamber from above 
the main intake port where an auxiliary chamber is installed to 
provide a swirl to the intake entering the combustion chamber. 
Consequently, a large volume of swirling fresh air enters the 
combustion chamber, thereby facilitating the stratified entry of 
exhaust reflux gas into the center, preventing deterioration of 
lubricating oil, improving combustion by enhancing the filling 
efficiency of the combustion chamber with exhaust reflux gas, and 
reducing NOx. In the third claim of the present invention, the influx 
flow of exhaust gas to the turbine is regulated by opening and closing 
the regulating valve installed in the first bypass passage that 
communicates to the exhaust passage on the upstream side and 
downstream side of the turbine of the reflux exhaust gas supply means. 

Consequently, the drive power for the compressor is regulated, the 
reflux of exhaust reflux gas to the auxiliary port can be regulated, 
and the combustion state can be closely controlled. In the fourth 
claim of the present invention, the compressor of the reflux exhaust 
gas supply means is driven through rotation of the turbine of the 
reflux exhaust gas supply means via exhaust gas passing through the 
turbosupercharger as a result of the installation of a turbine in 
the reflux exhaust gas supply means in the exhaust passage on the 
downstream side of the turbosupercharger that feeds air to the 
combustion chamber. Thus, deterioration of lubricating oil in a 
turbosupercharged engine can be prevented and combustion can be 
improved through enhancement of the filling efficiency of the 
combustion chamber with exhaust reflux gas, thereby reducing NOx. 

In the fifth claim of the present invention, a turbine of the reflux 
exhaust gas supply means is installed via a regulating valve in the 
second bypass passage communicated to the exhaust passage on the 
upstream side and downstream side of the turbosupercharger, thereby 
allowing inversely proportional regulation of the flow rate of 
exhaust gas to the turbosupercharger and to the reflux exhaust gas 
supply means based on regulation of the regulating valve aperture. 

The turbosupercharger can effectively function while preventing 
deterioration of lubricating oil in a turbosupercharged engine and 
improving combustion by enhancing the filling efficiency of the 
combustion chamber with exhaust reflux gas. 
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[0036] In the sixth and eighth claims of the present invention, the 
control means controls the aperture of the regulating valve based 
on the engine load and the engine rotating speed detected by the 
load sensor and the rotating speed sensor as the operating state 
detection means. Consequently, the exhaust gas flow to the turbine 
of the reflux exhaust gas supply means is controlled so that the 
supply of reflux exhaust gas to the auxiliary port matches the 
operating state of the engine. This prevents deterioration of 
lubricating oil and improves combustion by enhancing the filling 
efficiency of the combustion chamber with exhaust reflux gas to enable 
NOx reduction. In the seventh claim of the present invention, the 
regulating valve is controlled in the direction of valve opening 
by the control means accompanying load increase. As a result, the 
flow of exhaust gas to the turbine of the reflux exhaust gas supply 
means decreases as the load increases while the drive power of the 
compressor of the supply means decreases to reduce the supply of 
exhaust reflux gas to the combustion chamber, thereby preventing 
deterioration of lubricating oil, stabilizing combustion under high 
loads and permitting reduction in the generation of black smoke. 
[Brief Description of Drawings] 

[Figure 1] An overall block diagram of the exhaust gas reflux device 
of a diesel engine shown in the first embodiment of the present 
invention . 

[Figure 2] A cutaway drawing of the principal parts of a diesel engine 
fitted with an exhaust gas reflux device. 

[Figure 3] A cutaway drawing along line X-X of Figure 2. 

.[Figure 4] A map showing the flow rate characteristics of exhaust 

reflux gas. 

[Figure 5] A timing chart showing the operating timing of the intake 
valve and the exhaust valve. 

[Figure 6] An enlarged partial perspective view of an injector in 
the combustion chamber of a diesel engine. 

[Figure 7] A diagram explaining fluctuations of EGR gas in the 
combustion chamber of a diesel engine. 

[Figure 8] An overall block diagram of the exhaust gas reflux device 
of a diesel engine shown in the second embodiment of the present 
invention . 

[Figure 9] An overall block diagram of the exhaust gas reflux device 
of a diesel engine shown in the third embodiment of the present 
invention. . 

[Figure 10] A diagram showing the aperture characteristics of the 
regulating valve in the third embodiment. 

[Figure 11] An enlarged cutaway drawing showing a variant of the 
auxiliary port. 

[Figure 12] A perspective view showing another variant of the 
auxiliary port. 
[Explanation of Notations] 

1, 50, 100 exhaust gas reflux device 

3 cylinder head 

3a bottom of cylinder head 

5 combustion chamber 
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6 main intake port 
6A port opening 
8 intake valve 

10 fuel injection valve 

11 exhaust passage 

12 exhaust gas reflux flow passage 

13 reflux exhaust gas supply means 

14 auxiliary port 
14A discharge opening 
14B intake opening 

15, 16 operating state detection means (rotating speed sensor, load 
sensor) 

17 control means 

18 auxiliary chamber 

19 valve seat 

25 turbine 

26 compressor 

27, 40 regulating valve 

28 rotating shaft 

30 first bypass passage 

32 turbosuper charger 

39 second bypass passage 

E, EA engine 

Gl exhaust gas 

G2 reflux exhaust gas (EGR gas) 
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